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DESIGN OF THE RSX1IM Q SYSTEM

James F. Harrison, Thoumas Kozlowski, Kichard A. Floyd, James F. Amann,
Gail T. Mnderson, Michael A. Oothoudt, and Deanis G. Perry*
Los Alamos National Laboratory
Los Alamos, NM 87543

Abstract

The present LAMPF Q datz acquisition/analysis
software system is being converted to run under the
RSX-11M operating system. !Major subsystems havc bean
redesigned to be compatible with RSX~1IM and to
provide enhanced functionality. In addition, two new
major subsystems have been designed: a test package
subsysten and a real-time parameter array subsystenm.

Summary
The Q data acquisition/analysis systen for use
undur the RSX-11D operating system on Digital

Equiment Corporation (DEC) PCP-11 minicomputers has
been 1in use st the Los Alamos Meson Physics Facility
(LAMPF) for several years.'™™ puring this time the
need for additional capabilities has baen pointed out
by users. This has prompted an effort to develop an
enhanced version ox Q. The new version of Q runs
under the RSX-1IM opzrating systea. This paper
describes the current effort and the additional
featurea of RSX-11M Q.

The subsystems of Q (shown 1in Figure )) are:

1) data collection, 2) data replay, 3) histogranming,
4) histogrum support and display, 5) dntplottiug,
6) test package, and 7) real-time paraneter array.

The test package and real-time parameter arrny are new
subsystans to Q.

In the data collection subsysten, new features
include: 1) an event size limited only by the size of
the buffer in the CAMAC branch driver (the BiRa
MBD) - approximately 3000 16~bit ' words, 2) filtering
of raw data before taping, 3) taping of software
generated data, and 4) better user access ¢o0 the
systen.

The data raplay subsystem shares most of the new
features in the data collection subsystes, {including
generation of output tapes containing "filtered” input
data.

The redesign of the histogranming subsystes {s
basead on an RSX-11t I/0 driver. It has a histogrem
block mode wo that all histograns in a bdlock can be
updated with a single call to the driver in order to
ainimizte the histogrsaming tf{me overhead.

A user-written test package has been

in use by
some usexrs at LAMPF.

A redesigned package is part of
the etundard RSX~-1IM Q system. This subsystem
provides single parmseter cuts, two paraceter cutes,
bit teste, etc., on the data. Teste can be g -ouped
togather in  various wayas. The user and the
histogranmig subsystem can then use the results of
theme tests to determine an action to be taken.
Histograms can be "gated” by the results of the tests.

r . )
Work supported by the U.8. Dopartment of Energy.

The histogram support and display subuystsm
provides an {interface with the test package so the
user can display cuts and modify them using cursor
input. Also, flexible histogram setup facilities are
now svailable from the keyboard.

The real-tim2 parameter array subsystem provides
keyboard tasks to {initlalize end modify real and
integer arrcy elements within the analyzer ctask.
These array elements can then be used in the snalyzer
for whatever the experinmenter deems appropriate.

This version of Q provides wmany new features
which are needed to support more complex experiments
which are being planned at LAMPF and which make ft
casier for the user to develop more complex data -
acquisition and analysis software.

Introduction

History

The Q systen was created to provide a general and
relatively complete data acquisition system for use
with experiments at LAMPF, It was written to run on

Figure 1. RSX-1IM Q data acquisition/analysis aysten
showliig Tthe major data flow batwoen aubsystens. The
three top center boxes rapresent the data
collection/data replay subsystem.
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EC PDP-11 computerss under the RSX-11D operating
iystem &nd has been in use since about 1973. At that
‘ime, RSX-11D was the most suitable operating system
‘or accomplishing the desired objectives. Racently
1979° 1 multiuser version of G replay was written to
‘un der the VMS operating system on the DEC
'AX-11/780 computer.

When the RSX-11M operating system firet became
ivailable, some studies and preliminary work were done
.0 produce an RSX~-11M version of Q. This effort was
ot fruitful because of the unforseen size of the
wroject (RSX-11M was not as similar to RSX-11D as
sriginally claimed by DEC) and because of the manpower
requirenents.

Because of the retirement of the RSX-11D
>perating system by DEC, the imcentive to convert the
3} system to RSX-1IM {ncreased. Purthermors, in the
intervening years RSX-1IM has {mproved to the point
that it now has most of the features of RSX-11D and
sone features not present 4in RSX~11D., Additional
incentive ariscs from several deficiencies that have
become apparent {in approximataely six years of using
the Q system. For thess reasons, the conversion to
RSX-11M is being carried out.

Overview of the Basic Q — Systenm

Tha Q system is hased on the standard data
ac juisition computer system at LAMPP. This systenm
fnciudes a PDP-11 CPU with a memory management and
hardware floating point units, 256K bytes of memory,
at least 4 B! bytes of disk storage, magnetic tape, a
terninal, a graphice CRT, a printer/plotter, and an
MBD branch driver, The MBD 1s & programmabie hranch
driver. It contains sufficient memory (up to BK
bytes) for extensive data acquisition code, and a
large data buffar.

A LAMPF-designed CAMAC "trigger module" provides
a otandard {nterface to the experiaent. The module
allows 32 trigear fnputs which are priority-ordered by
the wodule. An event trigger received at an enabled
fnput generates a LAM which causes the MBD data
acquisftfon code to executs. The MBD reads the
highent priority trigger nuaber, which has been
encoded by the module, and carries out tha appropriate
user-specified CAMAC and MBD operations for that
trigger mnunbaer. The data from several events {s
stored in the MBD's fnternal buffer. On command, or
when {t 4s filled, the buffer is dumped to buffar in
the PDP-11, The data in the POP-11 buffers can then
be written to tape and distributed for processing.
The user provides a subroutine (usually written fin
FORTRAR) for sach defined event. The PDP~l]l analyais
progran  ("analyrer task") calls the aj.ropriate
processor as {t wscans through the events {in the
buffers, For replay, the PLP~]1 data buffears are
filled fronm the Q format fnput tape fnateed of from
ths MAD,

This bastic syatem is part of a system of varfous
control and auxiliary tasks that constitute the whole
Q ayntem.

Current Capability and Requivad Capabilifty

In the atx years of {ts use, tha Q system has
been adaquate for {te purpnse of providing a general
and  cany to ufe means of acquiring CAMAC data,
vecarding of the data on taps and providing a simple
fnterface for online and off-line peoceaning of
exporinental data,

Some limitations of the RSX-11D Q system are the
event size (limited to 254 data words), difficulty of
recording user (software) generated data on tha cutput
tape, some problems with tape buffers (size and
format), and difficulties in handling aowse
experimental control functions. Sore additions to the
RSX-11M Q system which increasc its use‘ulness axe
tools that provide more effective omlina inte action
with the system end with user-written analyzere, and
more flexible event distribution and processing. The
RSX~11D Q deficiencies and limitations result in
wasted time and effort in finding woys arcund them and
in the writing of software by the ussr which might
better be provided with the Q system.

Gonsiderations that favor conversion from RSX-11D
to RSX~111 are the following: 1) VAX/VMS supports an
RASX-11M compatidbility mode, 2) the Q system could be
used outside of LAMPPF where there are many RSX-1IM
installations, 3) there would be access t7» the large
amount of RSX-1IM software available in the RSX user
community, &) RSX-11M supports new hardvare that
RSX-11D does not, snd 5) RSX-1iM has some very useful
featureas which are not available under RSX-11D, e.§.,

memory managemsnt directives and wmemory resident
overlays.

Data Collection Subsysten
componants

Major componencs of tha data collaction subsystenm
aret 1) QAL -~ MID code, 2) the data analysis task
(analyser), 3) av [/0 driver - ACP, and A) the
keyboard coamand tosks. Yigure 2 shows the major dats
and control flows for this subaysten.

The QAL® language i{a used to define the CANAC
vperations to be performed wvwhan a particular event
trigger ia reaceived. It remaine essentislly the sane
as under RSX-11D. QAL produces an object module
containing avent specification tables that fs read
fnto the MBD. ‘Those event specifications are used by
the radble-driven {nterxprativa code in the MHBD to
perforn the specified CAMAC and other operations when
an avent trigger has bacn received by the LAINPF
trigger module.?

The analyser {a a nonprivilged R8X-11M task that
consistes of standari Q@ system asupport routinas and
user written subrovtines. The Q system support
routines parform the system initialisatton, the
retriaval of data buffar,, the dietridution c¢. evante
to the piocessing subrcutines, and aynchronization
with the rest of the Q wsysteam, The
experimant-specific user written part consiats largely
of wsubroutinee <o procass the data for fndividuai
eventa., These are genarally written in FORTRAN. The
analyser task also contains the data dbuifors and the Q
data dane.

The underlying systen 18  jwplenented as an
REX-111  driver (part of the exscutiva) and an
Anctilary Oontrol Processor (ACP)  which {s &
privileged task that sugnente . he drivar. 1The ACF
vrecords the data buffers on wagnetic taps, contains
tthe MNBRD inter:upt asrvica routine, g1d synchroiised
and controls the operation of the Q ays-em. Tha 1/0
driver {ea the same, but d'ffarent ACPs ara ueed for
data scquisttion and raplay.

The Q syaten {s controlled from a terninal by
koyboard command tarke. Teso tasks are siuitarv to
those for RAX-11D Q with the addition of the GCH



Figure 2, Data and control flow diagram for the data
collection/data replay subsystoms. Single lines
reprasent 1/0 requests a..d double lines represent data
flow.

comnand which allows entering comment 1lines f{into &
special comment record on the output tape. Some of
the other connands have dffferent user interfaces and
somevhat different functionailities. The QBE and QKI
connands aro used to start up the Q system {ncluding
the loading of the MBD code and to terminate the
system. QBE {is also used to pass the CAMAC address of
the (rigger wodule and the MBD buffer wsize to the
systen. The run control commands QRU, QFI, QSU, QRE,
are used to etart, atop, suspend, and resume rurns
respectively. The taping control commade
QET, QIT, QNT, QCT, aenabla taping, {1nhibit taping,
mount new tapes, and close out output tapes. A
conmand paraneter 1is used to dasignate whether an
faput or output tape ia being referred to. The avent
contrn! commands QEN, QPA, and QDY ave used to
ensble/disable event triggern, declare events as
"must", "nay' or "no" process, and triggar events st
the triggar module. "Humt" proceas events will always
be procesased, "may' process events will be processed
1f there (n sufficient buffer space for new data, and
"w0" procesa aventa will never ha proceased. ‘The QST
connand reportw the aetatus of the Q ryastem. Various
status optiuns are available which make much mora
wtatus infornmst ion avatlable than {n tha REX-11D Q
systen.

New Teatures

The user has more control in the RIX-11M Q eystea
over the data which s weiiten to tape. Tha option is
available of writing to tape only thoss events wvhich
ara found to be accoptable by the proceasing routine.
Thie procedure s referved to an "filtartng”. This {s
practical becauwe the raw daia bulfers (fnput) and

user data buffers (output) are in the snalyzer task
providing fast and easy access.

The event size is limited only by the size of :he
MBD buffer (a maximum of approximately 3000 16-bit
words) or the size of the PDP-11 buffer, whichever is
smaller. The sizes of the MBD and PDP-1]1 buffers are
defined by the user. The user can also specifv the
nunber of PDP~11 buffers of each type (raw cata and
user data buffers).

Since the buffers are present in the analyzer
task, the user can be allowed more freedom {n
accessing event data. In particular, it is poasible
to retrieve portions of an event for a "auick look"
before deciding to retrieve the remainder. Standard
subroutines are provided to move an event or part of
an event into a local array, move a local array into »
user data buffer for output, and move an event from a
raw data buffer into a vser data buffer. External
tasks are able to 'mite data to the output tape by
1ssuing an 1/0 request to the Q device driver.

A function is provided that allows the analyrer
to retrieve any element from the Q data base. For
instance, the user may want to determine if there s
time uvailable to carry out more extensive
calculations on particular event data. B
write access to the data base 1s provided for external
tasks through an I/0 request to the Q device.

The RSX~11D Q@ system suffers from a lack of
provisions for wuser contrvol and intervention at
certain poiats such ae starting, stopping, suspending,
re nming runs, and on encountering the end of tape.
RSX-1IM Q provides more optional tasks and subroutines
that may be invoked at critical points. Tasks with
predefined standard names wmay be recuested to run
before and after accescing the hardware (LAIPF trigper
module) when stopping, starting. suspending, and
resuming ruas. In addition, subroutines with standard
names may be called in the analyrcr task whenever a
control event (xlop, stairt, ouspend, or resune) is
ancounterad fn the input data strean. (Cach time a
control function such as stopping ov starving a run is
done a special control event fs put fnto the fnput
data streanm.) Pradefined tasks are called when an end
of tape mark is senaed on an output tape and when an
eand of volune wmark 1is encountaered on an input tape
(replay).

More flexibility has been added to the MBD coda.
As mentioned abova, the umer can taflor the MBD buffer
sino to his particular needs. A "FLUSH' QAL statenent
has bean added that causer the MBD buffer to ba dunpad
to the ?DP-11 whan the acquiaition of the current
event is complete. The PDP-11 bduffer that the
“flushad” event ends up 1 then defined as complete
and ready for processing. This feature is needed to
provide quick analyser t<ak response to evants that
fmplemeant experiment control functions. The RSX-11D
QAL "DWMP" statemant, which aimply caured the IBD
buffer to be dwaped to the PHP-11, is also availabla.
Since POP11/70n and PDP-11/448, which are 22-bit Hus
machinea, will be used at LAMPF in the near futuv, for
data acquisftion, the MAD (an 18-bit Untbus device)
support software has been modified to use the Unibus
Mapping Registers of these machines.

Data Replay Subsynten

The matn diffarence between the data roplay
subayntem and the data collection subsyatem $s that
the fuput stream to the Q aysten {a fron data tapas
fnatead of CAHAC. In thim case, the fntarrupt nervice

Both read and -
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routine to handle MBD interrupts s replaced with a
routine to read the input data tapes. Also, there is
no QAL counterpart in the replay subsystem.

The Q system was designed so that at a later time
multiuser replay and also concurrent replay and data
scquisition can be easily implemented. Each user
would use a separate unit of thc Q device and would
have his own analyzer task and his own copy of the
appropriate ACP task.

The replay subsystem k:yboard commands have the
same functionality as the data collection commands.
To distinguish them they. begin with the letter "X"
instead of "Q".

Hﬁatqﬁ;amming‘Subbystem

The Q histogram management subsystem allows the
user to create, delete, store data in, and retrieve
data from histogranms. In converting the RSX-11D
subsystem to RSX-114, several new features have buen
added:

® A block mode of
which allous

histogram entry ig provided
several histoprams to have data
entered by a single subroutine
simplifying the logic of the wuser task and
decreasing uverhead.

© Gating of hi<togram entry by logical tests 1is
allowed, either through the Q test package, or
by s user-supplied test subsgysten.

© True multiuser histogrinming with protection of
data is supported.

© The subsystem no longer limits the aumbe- of
hiscograns that may be defined, nor does it
limit how much memory may be used for histogran
storage.

©® Each histogram bin may contain from 0 to 65535
counts. Up to 2048 bins in each histogram may
"overflow" into specisl counters which allow
the maximum count to be 4,294,967,295.

© Latsa to be histogrammed may be an integer in
the range ~32768 to 432767, (The data value is
converted to a bin number.)

® Arbitrary positive integers wmay be added tc
bins, either event-by-event or as an array put
into a serice of bins.

The new block histogram entiy mode im probably
the most I{mportant jumprovement to the subsystem,
Under the RSX-11D subsysten the user scattered calls
to the histogram entry routines elmest at randem
throughout his code. 1In order to maintain histogranm
entry speed, a hidden buffering scheme wan required
that caused confusion whaen the buffers wsre not
properly flushed. In the RSX-1IM subsystem, the wuser
puts bHlock histogram entry cails in his code at
lc ations vhere there is a significant amount of data
that needs to be histogrammnd, e.g., where raw data {s
received, where kinematfica calculations are completed,
where valid coincidences of proper particle types are
deternined, etc. Furtheimore, the user code does not
need to know which histograms arc defined, since the
subsyeten docs this for the user.

The central control module in the subsystem s
the RSX-111 1/0 driver HM. An 1I/0 driser was chonen
tyo make use of the standurd interface supplied by DEC

call, ~

between user and privileged code. (Privileged code is
required for fast access to data stored outside of the
user task.) Furthermore, 4in the future we hope to
implement histogram storage in special peripheral
memory (a "histogram box") for which an 1/0 drivar
will be required. Communication with HM 4{s via
standard operating system I/0 requests with geparate
1/0 requests provided to implement each of the actions
required of HM. Since use of 1/0 requesis is
complicated for the typical user, a set of subroutines

and tasks 18 provided to interface to HM. The
subroutines are:

© HSTBLK performs block histogram entry.

© HSTCLH, HSTCLB, and HSTCLA, respectively, rlear

(zero) one histogram, a block of histogrras or
all histograms owned by a user.

© HSTDEH, HSTDFB, and HSTDEA, resrectively,
delete one histogram, a block of hif_ograms, or
all histograms owned by a user,

O HSTHPB retrieves the
histogran.

parane .ers defining a

© HSTINI and HSITIN initir.ize commnication with
HM for a task doing h’stogram entry..

© HSTMEH allows mul’.iple entry histograms, 1i.e.,
enters data J.to suveral bins of a single
histogram wi¢'i @ single subroutine call.

© HSTOWN re.rieves a list of al)l owners currently
known fo HM.

® HST.El retrieves the data from a histogran.
Duita for a histogram may be retrieved by any
task in the system, making data display simple.

© HSTSU sets up (creetes) a new l.istogram.

© ISTUPD allows the user to put an array of data
into a histogram. The array may either
overwrite or b added to the current histogran
contenta.

The inte;face tasks allow the wuser to
subsystem from the keyboard:

control the

© HBE makes u usmer known to VM and allocates the
required dats basas.

® HOF removes a user from H!M and releases the
data bases.

© HPK allows the user to inspect the data storage
region. A future version will also ‘allow the
user to manipulate the storage arecas to reduce
fragmentation of menory,

H{ maintains one data base to describe amach
histogram owner and three other data bases for each
ownert

© The owner table contains a list of users who
have been nade known to HM. Owners are
distinguished by thelir unique User
Identiffcation Code (UIC). ‘e owner table
also rontains ¢ pointer to each owner’s block
table.

© The block table contains a l1ist of pointers to
thy firet histogran descriptor deflined for each
histogran block. The histogram demcriptors in



the block form a linked 1ist with each
histogran pointing to the next one in the list.

© A histog.am descriptor exists for each defined
histogram and contains all the definition
information ¢3 well as special statistics about
the histogram (e.g., how many histogram entries
failed because the data was outside the bounds
of the histogram). The descriptors are stored
contiguously with the data.

© The data storage region cannot be in the user
task, vwhich is limited to 64K bytes. The data
is kept in an RSX-1IM memory management region
that is maintained by M (direct access by the
user task would be very slow). A separate
region is maintained for each owner,

The subsystem jmplements almost all functions
requested by the vsers and requires considerably less
space in memory and in the user task than the old
RSX-11D subsystem. The only speed-critical operation
in the subsystem is histogram entry which must be done
on an event-by-event basis. The time for histogram
entry in milliseconds is approximately

Tw= 2.72 + 0.14*n

on a PDP-11/34 where n is the number of histograms in
the block.

Hi stogram Support and Display Subsysteu

The histogran support and dciaplay subsystem’
allows the user keyboard access to most of the
functions provided by the histogram support subsystem.
Experimenters rarely have the time or facilities to
develop generalized histogram setup and display
programs. Therefore, this subsystem {8 provided to
allow effective use to Le made of the histogramming
subsystem. Tagks are provided whick allow the user to
create, clear, and delete histograms (HSU); 1list
fnformation about histograms currently defined (HLI);
print histograms (HPR); and display histograms in a
number of different formats on a TEKTRONIX 4000 series
(or compatible) terminal (HPL). Hiatograms may also
be saved into a file (HSV and HTR) for later display
and snalystis.

HSU (Histogram fet Up) is the only tark ii the
histogram support and di4play subsysten which 4id not
exist under RSX-11D. HRistograms may be created using
HSU in a number of different ways:

© The user enters histogram parameters from the
keyhoard. When a histogram 1s completely
defined, 1t is created.

© Te user specifies the name of a histugranm
which already exists, along with parameters to
be changed (e.g., change the X range of
histogram TDCI2 to O through 1024). HSU
delotes the existing histogram and recreates it
with the new parametars.

© The user creates a file describing histograms
to be set up and then specifies 1t ag fnput ‘o
HSY  (useful when . number of nistcgrams are
always defined together).

© The wuser apecifiesn the name of a file
cuntaining saved hiscogrars (which HSU
rocreates In core) or specifies that histograms
be met up from the descriptions given in the

digk data base maintained by HSU (described
below). This allows histograns defined in
earlier runs to be set up qui-ckly (useful when
replaying a run or recovering from a system
crash) .

To minimize the am ,unt of typing required to create
histograms, HSU allows defaults to be defined for all
histogram paremeters. In addition to cresting
histograms, HSU may be used to clear and delete
histograms. The clear and delete functions allow the
user to clear/delete a single histogras, all
higtograms in a given block, or alli thistograms
belonging to the wuser. HSU creates and maintains a
disk data base used by other zasks in the subsystenm
(e.g., HPL uses the data base to store plotting
information for each histogram). Entries are added
to/deleted from the data base as histugrsms are
created/deleted.

HPL (Histogram Plotting) is similar to the
RSX-11D version of HPL but with the addition of &
facility which allows the user to set up the data
indices and 1limits for tests in the test package
subsystem. To set up a "window test” on a wuingle
param.ter, the user displays a histogram of the
parameter, specifies the number of the test *o be set
up, and then vuses the hardware cursor to mark the
lower and upper limits of the window (or, insteal of
using the cursor, the user may input the values of the
limits directly). Tu set up a "box test"” on two data
parameters, the user displays the appropriate two
parameter histogram, speciffes the nunber of the test
being defined, and then uses the cursors to box the
area of interest. HPL also displays the test number
and test limite when displaying histograms of
parameters which have had tests set up on them in this
fashion.

HSV (Histogram SaVing) has been modified to allow

- the user to save test descriptors and test results

from the test package subsystem and to save the
contents of the real-time parameter array in a
histogram save file. Modifications to the histogram
save file format nllow these to be distinguished from
histograms and to be retrieved st a later tima.

HLI (Histogram Llgting ——~ HIS under RSX-11D), HPR
(Histogram FRinting), and HTR (Histogram TRansfer)
have not changed significantly in the conversion frowm
RSX~11D to RSX-1IM,

Dotplotting Subaystem

The dotplo’.ing subsysten’ allows the user to
display 1live two parameter scatter plots using a
TEKTRONIX 4000 series torminal acreen as ’storage’.
These plots are typically used durfag experinaontal
setup and for quick looks at data during the course of
a run. A single task (HDO) 1is used to define and
control plots and maintajn a disk data dbase describing
plots that have been defined (the presence of this
data bage allows plots to be redisplayed at a later
time by simply specifying the plot name). Subroutines
are available ro allouw the uder task to inftisliza the
dotplotting subavaten and co plot points.

In coaverting to RSX-11li, two major changes have
been mada to the dotplotting subsystem:

6 When dafining a dotplot, the uter 16 able to
specily that u tnst package test be paased/not
passed befora plottiug a point on the screen,



© The user is able to set up (using HDO in a
manner similar %to the onc described above for
HPL) test package tests on data pafrs. Tests
set up in this way are displayed when plots of
the data pair ave displayed.

Test Package Subsystem

The test package provides a tool to examine data
on an event-by-event basis in a fast and flexible
manner, The results of these tests are available to
the user for decision making in the course of event
analysis and may be used by the histogramming and
dotplotting aubsystems as well. In addition, counters
are kept for each test to provide the user with global
information about the data analysis.

In keeping witih the goal of maximum flexibility
only a bare uinimum of detail need be specified in the
analyzer at compile time. This consists primarily of
a call to an initialization subroutine and a call ‘to
the general test execution subroutine at the
appropriate place in the analysis for each block of
tests to be performed. All the details about the
tests are contained in a descriptor file which 1s
specified by the user at run time.

The tests are of two basic types, data tests
which examine the data, and logic tests which examine
logical combinations of previous test results. These
generally correspond to FORTRAN ARITHMETIC IF and
LOGICAL. IF statements, respectively. Both types of
tests may be freely intermixed within each block of
tasts, Each test 1s given a numeric label so that it
may be referenced by the logic tests. The oxder in
which the tests are exacuted 18 determined by the
ordering in the descriptor file, This allows the user
to add tests without a tedious renumbering procedure,
Some of the test fuictions that ares implemented in t'e
test package subsyntem nve the following:

© Window Tes: - This ta2st 1s true if a specific
data word ia both graater than some lower limit
and less than or cqual to some upper limft.

© Bit Test ~ This test is true if a specified bit
in a given data word in pat to 1.

® Indirect Window Test — This test has the same
requirements as in the standard Window Test,
but data wrd and 1limits are provided froum
curwor fnput on a histogram.

% Box Test =~ This test is true {f two specified
data words are both greater than their
individual lower limits and leas than or equal
to their individual wupper limits. Both the
data word fndices and the linmits are provided
via cursor {input from a dotplot or two
parametor histogran plot.

© And Test -~ This test fa true {f and only 1f all
the toests specified to be true are actually
true and all tests spociffed to be falme are
actually false.

O Inclusive Or Teoant - This test 1is true {f at
least one of the tests speciffed to be true s
actually true or (inclunive) at leaxt one of
the tasts apecified to be false {8 actually
falae.

© Majority Tost - This test {s true §f at lanst N
of al) roate specified ure fn the desfred state
(efther true or false).

The test package data base contained within the
analyzer task is structured for rapid internal access.
It contains the latest 8-bit 1logical result and a
32-bit counter for each test, a 32-bit covnter for
each block, and pointers to the beginning of each of
these arrays. It also contains a set of pointers to
the beginning of each block of tests and to the data
specifying each test, both organized so as to minimize
execution time. This data base 1s accessed from only
two external tasks. The test setup task (TSU) reads
the test descriptor file and updates the internal data
base  appropriately. The task TSTDDB reads the
internal data base and creates a disk file which
contains a snapshot in time of it. All other external
tasks ncediig Informatfion about the tests access the
disk file,

The test package provides the users with & set of
functions, subroutines, and external tasks which allow
the user extensive access to the test data base while
maintaining the integrity of the system. From within
the analyzer task, in addition to the initialization
a.ud execution subroutines previously umentioned, the
user can determine the latest result for any test,
retrieve and/or zero the test and block counters, and
zero out the test results for any or all blocks. In
addition, a facility is pro'ided for the wuser to
incorporate {information from his own tests into the
test package via the concept of a "user test", and a
corresponding subroutine.

As mentioned above, all access to the test data
base from outside the analyzer task occurs through the
tasks TSU and TSTDDB. Subroutines are provided to
1) retrieve and/or zero the test and block counters
using TSU and TSTDDB and 2) retrieve or modify test
limits (again using TSU and TSTDDB). Tasks are
provided to 1list the counters for all tests on a
specificl output device and tn decode tha test data
basec as a diagnostic aid should that data base become
corrupted.

Real~Time Parameter Array Subsystem

The real-time parameter array subsystem allows
the Q user to change the values of variables in his
analyrer task while it is running. It also provides a
disk backup of the parameters.

The arrcy of paraneters which may require
real-time access by the user {s held in a mnenmory
managenent region. The user interface to the array Js
through interactive keyboard commands. Tha interface
to the parameter array by the analyrer tas!. ana other
user tasks 1is through calls to subroutines which
create and map to the memory management reglon.

The parameter array conseists of four array
sections to hold 16-bir integer, 32-bit real, 32-bitc
fnteger, and 64-bit real values. In order to conserve
analyzer task virtual address napace, the user may
optionally choose to include {n the 3zame reglon
(following the paraneter array) the tesr package
subsystem data bare and/or the Q data base. The whole
reglon may not he larger than 16K words.

The paraneter array is i{nftially set up when the
analyzer calls  subroutine PRMCRE which creatcs,
attachos, and maps to a memory managemont xsagfon. lhe
analyzer task then accesses the parameters through na
FORTRAN c ommon block.

The usor may perform the following functions at a
keyboard terminal: 1) inttialize the values {n the
array from a backup file, 2) set values individunily,



e, MI=0.L3, I, derine synonyms to wuse vwhen
eferring to {ndividual parameters or groups of
equential parameters, {f.e., I21:=S7PED, 4) back up
he values in the region to a disk file at any time,
nd 5) examine or print out the whole parameter array
r any portion of {t. Also, the user may provide

{les containing 68-character titles or descriptions
f parameters to be used in 1listing parameters and
alués.

Utilittes

The utilities are not strictly part of the
SX-11M Q system. They are a collection of tasks to
acilitate develoment of the Q systea, to assist the
ser in producing the expreriment-specific part of the

ser’s Q data acquisition system, and to provide
fagnostic capabilities. These  tasks include
reprocessors to produce structured FORTRAN and
ssenbly language programs, a progran to extract
nformation from source flles to produce
ccumentation, programs to ocump the contents of
agnetic tape and of the MBD branch driver, and a

rogram to initiate single CAMAC operations. The last
rogran 1is particularly wusetul when debugging CAMAC
ardware.

A new utility task is provided to print Q data
apes 1ia a readable format. Options are provided in
his task to print beginning of rua records, print by
un number, print comments, produce a summary of the
unber of each type of event in a run, and print
arious levels of event data information.

Q Subroutiie Library

The Q subroutine
ubroutines which are
ubsystems, and also

library 1s a collection of
used by the various Q
subroutines which interface to
he various Q subsystems. Providiny a subroutine
ibrary requires only one Q system file that links
f1th the user software, thus easing the user’s tusk of
roducing a Q data acquisition/analysis system for the
ser's experirent.

Lonclusion

The additions and improvements to the Q software
111 allow it to support the wide range of experiments
/eing done at LAIfPF now and in the future. This
apability will be extended by future projects to
mprove the QAL language and to support additional
ardvare. A Q data acquisition/analysis system
unning under RSX-11!{ should be a viable and
iaintainable system for many years {n the future.

l'

3.

4,

5.

6.

7.

References

Dennis G. Perry, ."Distributed Systems Handle Data
for Meson Research,” Industrial Research and
Development (December 1980).

Dennis G. Perry and Dale C. Sparks, "Dara nalysis
at LAMPF: A HWerarchical Approcach,” 1EEE Trans.
NMucl. Sci. NS-26, 4572 (1979).

"The Q Syatem: An Experiment {in
for Data Acquisitton,”
NS-26, 4494 (1979).

Dennis G. Perry,
Software Standardization
IEEE Trans. MNucl. Sci.
and Richard F.

Mi chael M. Minor, Sally Shlaer,

Thomas, Jr., "A Sofrware System for Data
fecquisition in Nuclear Physics Experiments Using
CAMAC," 1EEE Trans. Nucl. Sci. N5-23, 459
(1976).

Dennis G. Perry, "The LAMPF Standard
Data-Acquisition System," IEEE Trans. MNucl. ‘ci.

NS-26, 4422 (1979).

Dennis G. Perry, "QAL:
Physics Data Acquisition,”
Si. NS-26, 4508 (1979).

A language for Nuclear
IEEE Trans. Nucl.

Michael A. Oothoudt,
System, _EZE Trans.
(1979).

"Data Display with the Q
Nucl. Sci. N5-26, 4473



